Phys529B: Topics of Quantum Theory

Lecture 7: interacting fermions and Non-Fermi liquid

instructor: Fel Zhou
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Some formal aspects of interacting fermions (AGD, chapter 1 and 4)
1) sum rules of the spectral weight (imaginary part of the retarded G)

2) Luttinger theorem (Luttinger, Phys. rev. 119, 1153b(1960). )

3) Analytical properties of Green’s functions



- IW\GRCK’ ‘«)) — gped’ra.(, Ueizl/\f‘ ( QW\

=

SW =1:0(w- QK\






1
. Sumrule: —— deijR(k, w) = 1

v/



_vav\ Ku\‘e,g ']CN [aTeracting Tarmions | ZQAM:W,, @)

A > l?
C—(KA/ J) = f?{g AO('E) + [ / £) %
. L.)-ET,'S W+ E - §

A[I: E) = é (ﬂf, K (°)/"‘> (‘"[ l\pkjh(b)/f§> ffE-fﬂ}
Béhe)= = <3.clWeyjmsenl Youylg.cy §e-E.)



~ ) -
b G(E,N= P fdg Acel  Beo )

TnG (i,6) = =T Ak,W) B +-TTBEK, -w) 0(w)

X 5
Gr = G(@) )+ Gl)OE®) | G4 < Gr

TnGp = = T[E, ) 8ad + B(E,)6te)

—Y

fI}MG-RJ.w -/A(k do> + B@kw)alu i]. =

\ \



(‘SQ’\.HSP‘\QS the_ kbeV\QA/ —~ l[V'O ﬂl‘% Rﬁ(qfl\ﬂvx)
—2 GR (l?,ca) O(/qu& Wé{ﬁ@( In 7%@ ufﬂz"—/\ﬂffﬂ/me.



D
Ke K
Lw‘ctiwa oV ‘(‘-l’teo e C ° o2 CpacR IVavan C,Q_)
} g densih |
dp s
—_— = M1 = L. F
(2m)° ° oT >

G, w=0) >0






 NFL phenomenology
1) Z vanishes at Fermi surfaces and no quasi-particles.

e 2)Z is finite across Fermi surface but Z on two sides of the Fermi surface

cancels. l.e. Z(k, w > 0) is continuous across a Fermi surface near
k=k_F. For given momentum and orbital, quasi-particle and hole co-exist.



